capsule of the wrist (60-70%) near the dorsal band of the scapholunate ligament. A less common location is the radial aspect of the volar face of the wrist, close to the radial artery, and the palmar aspect of the fingers, near the A1 pulleys. Ganglia on sonography usually appear as hypoechoic or anechoic, well-delineated masses that can show internal septa and are usually located near a joint or a tendon sheath [1, 2, [4] [5] [6] [7] (Fig. 1) .
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The sonographic appearance of ganglia depends on their size and chronicity [6] . Larger cysts are often anechoic, and old lesions are echogenic and show internal thick septa. Color Doppler sonography can show a hypervascular wall in symptomatic patients (Fig. 2) , although vascularity does not always correlate with symptoms and vice versa. Smaller dorsal ganglia, also known as occult ganglia, are difficult to detect clinically and frequently cause local pain and limitation of movement [7] . Sonography shows them as 1-to 3-mm unilocular, anechoic cysts located near the dorsal band of the scapholunate ligament (Fig. 3) . Sonography can assess their relation to the overlying extensor tendons and to the posterior interosseus nerve. In addition, sonography can assess the scapholunate ligament [8, 9] and rule out effusions of the radiocarpal joint.
Volar wrist ganglia usually are found near the flexor carpi radialis tendon and often displace the radial artery and its palmar branch. Color Doppler sonography easily assesses the internal flow of the artery and can differentiate ganglia from arterial pseudoaneurysms. The differential diagnosis of volar ganglia also includes tenosynovitis of the [1] [2] [3] . New electronic highfrequency transducers, working at frequencies of 10-17 MHz, have excellent resolution in the near field of view and allow optimal judgment of the most superficial soft tissues such as those of the wrist and hand [1, 2] . Masses of the wrist and hand are frequent and can be secondary to tumors, infections, inflammations, and degenerative and traumatic disorders [4] . Clinical examination and history-taking remain the cornerstones of mass assessment, although they rarely allow a definite diagnosis. Imaging techniques are necessary for further characterization of the masses and for surgical planning. Sonography has high resolution and it is cost-effective, noninvasive, and dynamic. Sonography helps in assessing mass size, internal structure, relation to adjacent structures, and internal vascularity, and it can guide biopsy. With radiography, sonography can be used as a first-line imaging technique in this field and allows a definite diagnosis in most cases. The aims of this article are to present the sonographic findings of different masses of the wrist and hand and to discuss the role of sonography in their assessment.
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flexor carpi radialis tendon, which is frequently associated with triscaphe osteoarthritis [10] and presents as a local fusiform swelling. Sonography detects it as an irregular and hypoechoic appearance of the tendon usually associated with thickening of the synovial sheath. When located inside the carpal tunnel, volar ganglia are clinically not detectable and can cause compression of the median nerve. Sonography not only can detect the ganglia but also can show displacement of the adjacent flexor tendons and compression of the nerve. Dynamic examination is invaluable in showing intermittent nerve compression during flexion extension of the fingers (Fig. 4) . In assessing digital ganglia, sonography allows excellent visualization of the relation of the cysts to the flexor tendons and annular pulleys [11] (Fig. 5) .
In addition to the diagnosis of wrist and hand ganglia, sonography is helpful when needle aspiration is warranted [5, 12] . Sonography can guide correct placement of the needle tip at the center of the cyst. Real-time sonography during needle advancement is invaluable in avoiding inadvertent injuries to the adjacent nerves and vessels. Sonography can also guide accurate intracystic steroid injection [13] .
In summary, sonography allows visualization of ganglia as hypoanechoic polylobulated masses without internal flow signals. Sonologists must be aware that some ganglia appear more echogenic than others and can present internal vascular signals. When needed, sonography can accurately guide a ganglion aspiration or steroid injection.
Accessory Muscles
Accessory muscles can be detected as incidental findings on routine sonography or may present as masses mimicking a tumor [14] or compressing adjacent nerves [15] .
The accessory abductor digiti minimi is the most common accessory muscle of the wrist and can be found in approximately 24% of normal individuals [16] . It runs inside the Guyon canal in close contact with the ulnar artery and nerve [17] (Fig. 6 ). Although usually asymptomatic, the accessory abductor digiti minimi may cause compression of the ulnar nerve during contraction [18] . Axial sonograms are best suited to reveal the anomalous muscle inside the Guyon canal, accurately appreciate its thickness, and evaluate the shape and size of the ulnar nerve. The accessory abductor digiti minimi appears as a hypoechoic mass with distinctive internal muscle echostructure. Detection of an oval shape of the adjacent ulnar nerve, which normally has a rounded shape, suggests nerve compression. In comparison with MRI, sonography has the advantage of dynamic examination that, when performed during abduction of the little finger, can show an increase in the muscle thickness and impingement on the ulnar nerve. Color and power Doppler sonography allows accurate evaluation of the ulnar artery and its internal flow and helps in excluding aneurysm.
The extensor digitorum brevis manusfound in 1-3% of healthy subjects-arises from the dorsal aspect of the distal radius and inserts into the index or the middle finger [19, 20] . It appears clinically as a fusiform lump alongside the extensor tendon of the index finger that can mimic a ganglion, extensor tenosynovitis, or a soft-tissue tumor. Sonography identifies its typical internal appearance and dynamically depicts changes in its shape during muscle contraction (Fig.  7) . Sonography can also assess anomalous bellies of the flexor digitorum muscle, anatomic variations of the palmaris muscle, and abnormalities of lumbrical muscles.
In summary, sonography allows a definite diagnosis of accessory muscles of the hand and wrist by showing the typical internal structure made by fibroadipose septa and muscle bundles. Dynamic examination shows shortening of the muscle during contraction and confirms the diagnosis. Sonography shows changes of adjacent nerves and vessels due to compression.
Tenosynovitis
Tenosynovitis can present as a mass if significant synovium hypertrophy, fluid accumulation, or thickening of the retinacula is present. Sonography shows the tendons surrounded by an anechoic fluid collection or by a hypoechoic hypertrophied synovium (Fig.  8 ). In addition, sonography allows direct visualization of the internal structure of the tendons and can assess the presence of partial or complete tears [3] . Color Doppler sonography permits accurate study of synovial vascularity and disease activity. Because synovial fluid cannot be differentiated from hypertrophic synovium clinically, sonography is helpful in assessing its presence and guiding a diagnostic needle sampling when indicated. An accurate technique of examination is required because excessive local pressure with the transducer can displace fluid and lead to a false-negative examination. When guiding injections, sonography helps to avoid damage to the tendons by the needle as well as extrasynovial injections. As previously described, when it affects the flexor carpi radialis, tenosynovitis can mimic ganglion at physical examination [10] . Sonography easily rules out a ganglion and shows tendon irregularity, thickening of the synovium, or fluid accumulation (Fig. 9) .
Traumatic Disorders
In complete tendon tears, the ends of the retracted tendon can present as focal masses. Sonography confirms the diagnosis, showing the swollen, hypoechoic irregular tendon ends that can be surrounded by a synovial effusion. More interestingly, sonography accurately locates the tendon ends and helps in deciding between end-to-end suture and tendon transfer. Color Doppler sonography shows local hyperemia in acute tears.
Foreign bodies are frequently found at the level of the wrist and hand and can present as localized masses if surrounded by an abscess in acute cases or by granuloma in chronic cases [1] . Sonography shows foreign bodies as hyperechoic fragments with variable shapes (Fig. 10) . Frequently, a posterior artifact can be found and allows easier detection of smaller fragments. Abscesses surrounding foreign bodies appear as heterogeneous, illdefined fluid collections showing peripheral hypervascular changes on color Doppler sonography (Fig. 10A) . Granulomas are found in chronic cases and appear as hypoechoic halos surrounding the foreign body (Fig. 10B) .
No internal flow signals can be detected on color Doppler sonography. In addition to allowing detection of the foreign bodies, evaluation of their position, and assessment of their relation to the adjacent structures, sonography also can appreciate residual fragments after surgical treatment.
Hematomas are easily diagnosed clinically and do not require sonography for their evaluation. They lie mostly inside the subcutis and appear as fluid collections that can display a fluid-fluid level because of the hematocrit effect.
Tumors and Pseudotumors
In the wrist and hand, most cases of pigmented villonodular synovitis, a rare proliferative disorder of uncertain cause that affects the synovium [21] , present in the nodular form, also known as giant cell tumor of the tendons sheath (GCTTS). GCTTS is the most common soft-tissue tumor of the hand
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and wrist [22] and mainly affects the volar aspect of the distal fingers. It presents clinically as an indolent, slowly growing nodular firm mass. Pathologically, it is characterized by synovial villonodular proliferation, hemosiderin pigmentation, and stromal infiltration of histiocytes and giant cells [23] . Sonography shows a homogeneous, hypoechoic, well-delineated solid mass in close contact with a tendon [24] . Color Doppler sonography detects variable internal flow signals (Fig. 11) . Sonography assesses the relation of the mass to the adjacent tendons, vessels, and nerves and can detect pressure erosions on the adjacent cortex. Sonography can help in detecting local recurrence after surgical excision. Even if the sonographic appearance of GCTTS is not diagnostic, it is strongly suggestive; sonography has been proposed as the first method to assess a giant cell tumor of the tendon sheath [25] . Differentiation from a ganglion can be easily made on the basis of sonographic appearance.
In summary, sonography can detect and accurately assess pigmented villonodular synovitis and its relation to the adjacent tendons and joints. Although a diagnosis cannot be made on sonography, its appearance strongly suggests the diagnosis.
Schwannomas and neurofibromas can affect any nerve of the wrist and hand. At sonography they appear as well-delineated, hypoechoic masses that lie in continuity with a nerve and can show posterior acoustic enhancement [26] (Fig. 12) . Frequently, the nerve can be seen entering the tumor proximally and exiting distally. Differentiation between schwannomas and neurofibromas is difficult on sonography. Schwannomas may have internal anechoic cystic areas, are more vascularized, and have a tendency to displace the nerve at the periphery.
Hemangiomas are frequently intramuscular. Sonography shows a mixed internal pattern made by hypoanechoic vascular channels associated with hyperechoic fat (Fig.  13) . Hemangiomas typically show low flow on Doppler sonography without evidence of arteriovenous shunting [27] .
Lipomas present as soft, painless masses. Sonography shows internal variable echogenicity (hypo-, iso-, or hyperechogenic) relative to the adjacent tissues [28] . Sometimes the margins can be ill-defined, chiefly in intramuscular lipomas, a finding that can suggest a malignant infiltrating tumor. Color Doppler sonography showing no internal flow signals helps in excluding liposarcoma.
The main limitation of sonography in assessing lipomas is the difficulty in evaluation of larger and deeper masses, which are better evaluated with MRI.
Bursitis
Bursitis appears on sonography as fluidfilled anechoic masses (Fig. 14) . Less frequently, the bursa is completely filled by hypoechoic synovium. Aspiration and steroid injection of the inflamed bursa are easily performed under sonographic guidance.
Dupuytren's Disease
Sonography shows Dupuytren nodules as hypoechoic fusiform thickening of the palmar aponeurosis (Fig. 15) . Dynamic examination performed during finger movements allows detection of adherences to the flexor tendons.
Conclusion
In summary, masses of the wrist and hand are frequently encountered in daily practice. Clinical evaluation does not allow sufficient diagnosis. Sonography is a powerful, easy, and inexpensive imaging tool that allows accurate assessment of mass size, internal structure, and vascularity, as well as its relation to the adjacent structures. With radiography, sonography allows a definite diagnosis in most cases. 
